INTRODUCTION
The question of whether proteins necessary for cleavage are already present in unfertilized eggs or whether they are synthesized after fertilization has interested embryologists for a number of years. In 1959, Went (11) published immunological evidence for the presence in unfertilized sea urchin eggs of proteins also associated with partially purified mitotic apparatuses. Recently, Borisy and Taylor (1) have identified a colchicine-binding protein that appears to be a microtubule component which is present in unfertilized eggs as well as in isolated mitotic apparatuses.
It is also true, however, that sea urchin eggs will not form spindles and undergo first cleavage if they are incubated with puromycin, an inhibitor of protein synthesis, from the time of fertilization (5) . This fact has led several workers (4, 5) to postulate that the synthesis of at least some components of the mitotic apparatus might be necessary after fertilization. Radioautographs of fertilized sea urchin eggs incubated with radioactive amino acids reveal a greater labeling density in the spindle-forming region (4, 7), and considerable amino acid label has been found in isolated spindles (7, 10) .
A partial solution to the problem of whether postfertilization protein synthesis is necessary for cleavage in sea urchin eggs has been provided by experiments of Wilt, Sakai, and Mazia (12) . Using improved methods for isolating purified mitotic apparatuses, they were able to demonstrate that, although some amino acid incorporation into the mitotic apparatus does occur normally after fertilization, this incorporation does not represent a heavy investment of the cell's protein synthesis prior to the first cleavage. Furthermore, when the addition of puromycin was delayed until 30 min after fertilization, the first cleavage did occur at 100 min although amino acid incorporation was reduced to 25% of that in controls and was not preferential in the purified mitotic apparatus. Thus, although the major portion of the proteins required for spindle formation and cleavage do appear to preexist in unfertilized eggs, it is still possible that some postfertilization protein synthesis, for instance synthesis of a catalytic component, is required for mitosis; synthesis of such catalytic components could have occurred during the first 30 min after fertilization in the experiments of Wilt et al. (12) .
In the experiments reported here, the indispensability of postfertilization protein synthesis for spindle formation was investigated in a slightly different context, in the eggs of Urechis caupo. In this organism, meiosis occurs after fertilization (further details on the reproductive biology of Urechis can be found in Newby [8, 9] and Gould [3] ). Therefore, the first spindle formed after fertilization functions during the first meiotic division and the investigation is first concerned with meiotic rather than mitotic cleavage. It was found that, in the presence of Acti-dione at concentrations sufficient to block any detectable amino acid incorporation from fertilization onwards, the first meiotic division still occurs. This result indicates that virtually all of the proteins required for the formation of the first meiotic spindle and completion of this division are present in the unfertilized egg although further synthesis may be required for the second meiotic division and cleavage.
MATERIALS AND METHODS
A detailed account of methods for obtaining and incubating eggs and sperm has been published elsewhere (3). For the study reported here, sperm and fully grown unfertilized eggs were obtained from the storage organs of recently collected worms. Washing and incubations were carried out at 17°C in filtered, autoclaved natural seawater with penicillin and streptomycin added to a concentration of 0.1 mg each per ml just before use. Washed unfertilized eggs were suspended in approximately 100 volumes of seawater, or seawater containing Acti-dione (Upjohn, Kalamazoo, Mich.), for 40 min or longer before the addition of sperm and algal-' 4 C hydrolysate (1.8 mc/mg; New England Nuclear, Boston). Further details are included in the figure legends. For measurements of the total amount of isotope uptake, eggs were washed in seawater, or seawater containing the appropriate concentration of Actidione, and then dissolved in 1 ml of Hyamine at 60°C and counted in Bray's (2) liquid scintillation fluid. Protein synthesis was measured as radioactivity present after extraction with hot trichloroacetic acid (TCA), methanol, and ether. The eggs were pelleted, resuspended in 5% TCA, and extracted twice more with 5 TCA in a boiling water bath. After two washes in methanol and one wash in ether, the residues were air dried, dissolved in Hyamine, and counted as described.
Radioautographs were prepared from eggs washed in seawater, or seawater with Acti-dione, and fixed in ice-cold Carnoy's solution (one part glacial acetic acid and three parts absolute ethanol) overnight. They were then washed in 95% ethanol, dehydrated, and embedded in Tissuemat. Sections were cut at 5 m/l and spread on "subbed" slides. After rehydration and washing in cold 5% TCA (less than 2% of the remaining label is removed by hot acid extraction), the slides were coated with Ilford K-5 nuclear emulsion and stored in light-tight boxes for 3 months at 5C. After developing, they were stained with hematoxylin, dehydrated, and mounted in Permount.
RESULTS AND DISCUSSION
A timetable of postfertilization events in normal Urechis caupo eggs is given in Table I . The inhibition by Acti-dione of amino acid incorporation into fertilized Urechis caupo eggs is illustrated in Fig. 1 a. The block to incorporation is essentially complete at 500 g/ml of Acti-dione. The reduction in amino acid incorporation observed in the presence of Acti-dione cannot be ascribed to a block in amino acid uptake, as shown in Fig. 1 b. In fact, in this experiment, the uptake of radioactivity in the presence of 50 /pg/ml Acti-dione was slightly enhanced. The effects of Acti-dione on fer- tilization and subsequent development in this experiment are summarized with the incorporation data in Table II . Although incorporation in the presence of 500 Ag/ml Acti-dione was reduced essentially to zero, 21% of the eggs were able to complete the first meiotic division. None of the Acti-dione-treated eggs proceeded to second polar body formation or cleavage.
The conclusion that postfertilization events through first polar body formation do not require significant protein synthesis is confirmed by radioautographic analysis. Radioautographs of control eggs and eggs incubated with 100 /g/ml of Actidione which were fixed at 35 min after fertilization and isotope addition are shown in Fig. 2 . Although the radioautographs were stored for 3 months before developing and grains are heavy over the control eggs, there is essentially no radioactivity associated with the Acti-dione-treated eggs. In this experiment, fertilization was essentially 100% in the treated eggs, and 98% of them formed the first polar body although none proceeded further. The normal fertilizability and high percentage of polar body formation among the treated eggs in this experiment, as compared with the one described in Fig. 1 , could result from the shorter (40-min) preincubation period with Acti-dione or reflect variability in eggs from two different females. (In later experiments, preincubation was found to be unnecessary since eggs immersed in Acti-dione at the time of fertilization also arrest after first polar body formation.) The observation that none of the Acti-dionetreated eggs in these experiments proceeded beyond first polar body formation raises the question as to whether protein synthesis is required for second polar body formation or for cleavage. The Acti-dione is not killing the eggs since its effects are reversible. That is, eggs preincubated and fertilized in 100 ug/ml Acti-dione will complete the second meiotic division and one or more normal-appearing cleavages if they are washed and reincubated in seawater without Acti-dione as late as 60 min after fertilization. However, it is difficult to interpret negative results obtained with an inhibitor since secondary effects of the inhibitor on processes other than protein synthesis are not ruled out and, indeed, might e expected at the high concentrations used. For instance, Actinomycin D, an inhibitor of DNA-dependent RNA synthesis, has also been known to interfere with respiratory metabolism (6) . Until such side effects can be ruled out, these experiments are not conclusive regarding the necessity of postfertilization protein B I E F N O T E S synthesis for the second meiotic division or mitosis.
The results of these experiments with Urechis eggs demonstrate clearly that no significant protein synthesis is required for spindle formation and completion of the first meiotic division after fertilization. The bulk of the required proteins must, therefore, be present in the unfertilized egg. Information relating to when these proteins are synthesized, where they are stored in the unfertilized egg, and how meiosis is triggered following fertilization remains to be discovered.
